For many years, the alga Chlamydomonas reinhardtii has been an excellent model system for studying plant-specific processes, in particular photosynthesis. Because C. reinhardtii can be grown heterotrophically using acetate as a carbon source, genes required for photosynthesis can be made dispensible and can be targeted for inactivation without affecting cell survival. However, this reverse genetic approach is not possible for genes that are essential for survival because their inhibition results in lethality.
Ramundo et al. (pages nnn) developed a riboswitch-regulated system that allows for specific, reversible inactivation of essential chloroplast genes. Using the thiamine pyrophosphate (TPP) riboswitch (Croft et al., 2007) , they created C. reinhardtii lines in which chloroplast transcription or translation can be conditionally repressed by addition of the vitamin thiamine and then restored by transfer to thiamine-free medium. Transcription was arrested by targeted inactivation of chloroplast rpoA, which encodes the a subunit of the chloroplast DNA-dependent RNA polymerase, and translation was arrested by inactivation of rps12, a chloroplast gene that encodes Rps12, an essential chloroplast ribosomal protein.
It was previously shown that the chloroplast psbD gene (encoding D2, the PSII reaction center protein) can be conditionally regulated by the nuclear Nac2 gene, which promotes psbD expression when Nac2 is driven by the copper-repressible Cyc6 promoter (Merchant and Bogorad, 1987; Surzycki et al., 2007) . The target site for Nac2 activation of psbD is in the 5#-untranslated region (UTR) of the psbD mRNA; therefore, regulation of other chloroplast genes might be engineered by attaching this 5#UTR upstream of the coding sequence. Unfortunately, this approach did not work for essential chloroplast genes. However, using the TPP riboswitch, the authors have now created an expression system that can be reversibly repressed by addition of thiamine.
To create this system, the authors fused the Nac2 gene to the Thi4 5#UTR, which contains the TPP riboswitch (see figure) . In C. reinhardtii, addition of thiamine blocks expression of Thi4 because thiamine binds to the TPP riboswitch in the Thi4 5#UTR, leading to alternative splicing that blocks Thi4 expression. In this way, the authors can control expression of Nac2 using thiamine and thus achieve regulated expression of any gene that is in turn activated by Nac2. By attaching a specific gene downstream of the psbD 5#UTR, which contains the target site allowing Nac2 activation, regulated expression of this specific gene can be repressed by addition of thiamine. Importantly, this repression can be relieved by placing the repressed culture into thiamine-free medium, bypassing the riboswitch and restoring expression of Nac2 and the target gene that has been modified to be regulated by Nac2.
The authors show that inhibition of plastid translation by blocking rps12 expression arrests cell growth, unlike the situation in plants such as barley (Hordeum vulgare) and maize (Zea mays), suggesting that chloroplast translation may be coupled with the cell cycle in C. reinhardtii. They also were able to examine plastid-nucleus signaling by showing how inhibition of plastid transcription and translation affects expression of nuclearencoded chloroplast proteins. In the process, the authors discovered some unexpected feedback loops in the chloroplast gene regulatory network and highlighted retrograde signaling pathways involving ubiquitin and chaperones. Thus, this new system is useful not only to study the effect of inhibiting specific, essential chloroplast genes, but also to better understand the chloroplast gene expression machinery and its intimate cross-talk with the nuclear-cytosolic compartment.
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